ABSTRACT. Genetic characterization of the Jeju horse (JH) was performed to construct a correct pedigree of the JH family. A total of 111 horses including 79 JH were genotyped using 20 microsatellite loci. The number of alleles varied from 5 to 11 (mean 7.45) in the JH. The observed heterozygosity and expected heterozygosity ranged from 0.293 to 0.891 and from 0.357 to 0.841, respectively. The polymorphic information contents (PIC) ranged from 0.335 to 0.816. AHT4, ASB2, ASB17, ASB23, CA425, HMS2, HMS3, HTG10, LEX3 and VHL20 loci had relatively high PIC values (> 0.7). The total exclusion probability (PE) of the 20 microsatellite loci was 0.9999 in the JH. These results provide basic information for developing an accurate pedigree and will be useful in making decisions regarding conservation of the JH.
The Jeju horse (JH) is a native Korean breed selected for riding, racing and meat ; its name comes from Jeju Island in South Korea. According to Jeju Province, the JH comprise about 750 herds. They have been separated into distinct areas, and have been used as a racing horse at the Jeju race park of the Korea Racing Authority. Detailed information on the levels of genetic diversity and patterns of the JH are very important for meeting the demands of future breeding programs and for formulating effective conservation strategies for indigenous breeds.
In practice, horse breeders provide horse parentage data to breeding societies, which enter the data into a registry to generate pedigrees. The most reliable and efficient method for pedigree construction and analysis is one that employs DNA genotyping technology. Microsatellites are highly polymorphic and abundant sequences dispersed throughout most eukaryotic nuclear genomes [14, 22] . They have a simple and stable inheritance when transmitted from one generation to the next and are controlled only by heredity. Furthermore, due to their small size, they are efficiently amplified using PCR techniques. Thus, microsatellites have been used for parentage testing and individual identification in forensic science. Many microsatellites are informative due to their high polymorphisms and are useful in paternity testing of horses such as native horses [2] . Microsatellite markers have also proven useful in assessing the genetic diversity of populations in different species [23] . In cattle [10] , pigs [17] , horses [5, 19] and canines [4] , pedigree control is performed on a routine basis in most countries relying on DNA typing that has been standardized through regular comparison tests under the auspices of the International Society for Animal Genetics (ISAG) [5] .
At present, registration of the JH is described as falling into foal registration, basic registration and higher registration. There are many problems between breeders and authorities regarding registration of the JH. Molecular characterization is an essential tool for development of an effective conservation program for animals.
The aim of this study was to construct a correct pedigree of the JH family. In this study, we describe the genetic characterization and polymorphisms for parentage testing of the JH using 20 microsatellite markers including the 9 markers recommended for parentage testing by the equine genetics standing committee of the ISAG.
Genomic DNA from 111 whole blood samples including 79 Jeju horses (JH), 25 Jeju racing horses (JRH) and 7 Mongolian horses (MH) were extracted using MagExtractor System MFX-2000 (Toyobo, Japan) according to the manufacturer's protocol [19] . The 20 microsatellite markers chosen for this study were AHT4, AHT5, ASB2, ASB17, ASB23, ASB25, CA425, HMS1, HMS2, HMS3, HMS5, HMS6, HMS7, HTG4, HTG6, HTG7, HTG10, LEX3, TKY297 and VHL20 (Table 1) . Microsatellite markers were combined in a multiplex PCR reaction using fluorescently labelled primers and were amplified in a total volume of 15 µl of the following mixture: 40 ng of genomic DNA, primer mix, 1.25 mM of dNTPs, 2.5 µl of 10x reaction buffer and 5 U of Taq DNA polymerase (Applied Biosystems, U.S.A.). PCR amplification was as follows: the first step was initial denaturation for 10 min at 95°C followed by 30 cycles at 95°C for 30 sec, 60°C for 30 sec and 72°C for 1 min. An extension step of 72°C for 60 min was added after the final cycle [7] . A different annealing temperature was used (56°C) for the ASB25, HMS5 and TKY297 markers. PCR was performed in a GeneAmp PCR System 9700 (Applied Biosystems, U.S.A.). PCR products were denatured with formamide, and electrophoresis was carried out on an ABI PRISM 3130 Genetic Analyzer (Applied Biosystems, U.S.A.) using the recommended protocol. Size analyses of separated DNA fragments were performed with the GeneMapper software Ver.#4.0 (Applied Biosystems, U.S.A.). An internal size standard, Genescan-LIZ 500 (Applied Biosystems, U.S.A.), was used for sizing alleles. In addition, sample No. 1 from the ISAG 2005/2006 Horse Comparison Test was used as a reference to standardize allele sizes. Allelic frequencies, the number of alleles per locus, heterozygosities, PIC and PE were calculated using the CERVUS computer software (Version 1.0, The University of Edinburgh, 1988; http://helios.bto.ed.ac.uk/evolgen/ cervus/) [16] .
The results of analysis for 3 horse breeds are shown in Tables 2 and 3 . The number of alleles varied from 2 (HMS5 in MH) to 11 (ASB17 in JH) in the 3 horse breeds. A total of 108, 119 and 149 alleles were detected across the 20 loci analyzed in the MH, JRH and JH, respectively. When the results were compared with other horse populations, some specific alleles were detected in the JH : the Q allele at HMS7; P allele at AHT5; I and J alleles at HTG10; I, J, P and S alleles at ASB17; K allele at LEX3; C, J and O alleles at ASB25; I and J alleles at HMS5; O and Q alleles at TKY297; and N allele at HMS1. The alleles found in the JRH and MH were numerously detected in the JH. The genetic diversity in the JH is presented in Table 3 . The number of alleles varied from 5 (HMS5 and HTG7) to 11 (ASB17), and the average number of alleles was 7.45 in this study. The observed heterozygosity and expected heterozygosity ranged from 0. The use of microsatellite typing for individual identification, parentage control and solving problems of questionable maternity or paternity is a routine procedure within the horse breeding industry in several countries [18] . The advantages of microsatellite markers should apparently be attributed to their high polymorphism and abundance in the genome. Our present objective was to construct a correct pedigree of the JH family. All microsatellite loci were polymorphic in this study. In the comparison of allele distribution between the JH and other horse populations, the alleles found in the JRH and MH were numerously detected in the JH. This suggests that the judgment criterion for registration by evaluating allele distribution needs to be revised, especially for basic registration. In this study, our estimate (H O , H E ) of genetic diversity in the JH (H O =0.685, H E =0.699) showed a lower value than that of the MH (H O =0.771, H E =0.770) but a higher level than the JRH (H O =0.671, H E =0.673). On the other hand, Cho and Cho [5] reported that the genetic diversity (H O =0.6830, H E =0.7270) of the JH showed a lower values than that (H O =7890, H E =0.7850) of the JRH. The differences in the genetic diversity value surveyed could be explained by the choice of microsatellite markers and number of samples. The International Stud Book Committee (ISBC) has required higher PIC and PE values, more than 0.9995, especially for the Thoroughbred horse (TBH) [19] . In this study, the AHT4, ASB2, ASB17, ASB23, CA425, HMS2, HMS3, HTG10, LEX3 and VHL20 loci had relatively high PIC values (> 0.7). The total PE value of the 20 microsatellite loci was 0.9999 in the JH. This is higher than the value (0.9995) of the ISBC proposition [19] . These results provide basic information for developing an accurate pedigree and will be useful in making decisions regarding conservation of the JH. Further studies will be needed for much more profound Table 2 . Allele distribution and frequencies of the 20 microsatellite loci in the 3 horse breeds Loci Population* Alleles** and frequencies 
